LED COMPENSATION CIRCUIT 



RELATED CASES 

This application corresponds and claims priority to U.S. Provisional Patent 
5 Application Number 60/209,766 entitled Duty Cycle Compensation Circuit DC3 filed 
June 6, 2000 which is incorporated herein by reference in its entirety. 



BACKGROUND OF THE INVENTION 

Light bars or emergency lights of the type used on emergency vehicles 

10 such as fire trucks, police cars, and ambulances, utilize warning signal lights to produce a 
variety of light signals. These light signals involve the use of various colors and patterns. 
In the past these warning signal lights have utilized incandescent and halogen light 
sources having reflective back support members and colored filters. 

Many problems exist with the known methods for producing warning 

1 5 light signals. One particular problem with known light sources is their reliance on 
mechanical components to revolve or oscillate the lamps to produce the desired light 
signal. Additionally, these components increase the size of the light bar or emergency 
lights which may adversely affect the vehicles aerodynamic characteristics. Moreover, 
there is an increased likelihood that a breakdown of the light bar or light source will 

20 occur requiring the repair or replacement of the defective component. Finally, the known 
light bars and light sources require a relatively large amount of electrical current during 
operation. The demands upon the electrical power system for a vehicle may therefore 
exceed available electrical resources reducing optimization of performance. 

In the past the most common light sources being used in light bars or 

25 emergency lights were halogen lamps or gaseous discharge xenon lamps. These lamps 
emanate large amounts of heat which is difficult to dissipate from a sealed light enclosure 
or emergency light and which may damage the electronic circuitry contained therein. In 
addition, these lamps consume large amounts of current requiring a large power supply 
or large battery or electrical source which may be especially problematic for use with a 

30 vehicle. These lamps also generate substantial electromagnetic emissions which may 
interfere with radio communications for a vehicle. Finally, these lamps, which are not 
rugged, have relatively short life cycles necessitating frequent replacement. 
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Another problem with the known warning signal lights is the use of filters 
to produce a desired color. Filtering techniques produce more heat that must be 
dissipated. Moreover, changing the color of a light source requires the physical removal 
of the filter from the light source or emergency light and the insertion of a new filter. 
5 Furthermore, filters fade or flake over time rendering the filters unable to consistently 
produce a desired color for observation in an emergency situation. 

These problems associated with traditional signaling lamps are 
exacerbated by the fact that creating multiple light signals requires multiple signaling 
lamps. Further, there is little flexibility in modifying the light signal created by a lamp. 
10 For example, changing a stationary lamp into one that rotates or oscillates would require 
a substantial modification to the light bar which may not be physically or economically 
possible. 

To attempt to solve the above identified and other problems Light 
Emitting Diodes (LED's) are being used to replace the gaseous discharge or 

15 incandescent lamps as used as automotive warning signal light sources. 

LED's are particularly useful in the production of true light color output 
because LED's may be manufactured to provide a specific light wavelength at any 
desired frequency associated with a desired color. LED's are therefore capable of 
producing intense coloring associated with emergency vehicles, i.e., red, blue, amber, 

20 green, and clear or white. 

Another problem with the known warning signal lights is the absence of 
flexibility for the provision of variable intensity for the light sources to increase the 
number of available distinct and independent visual light effects. In certain situations it 
may be desirable to provide a variable intensity for a light signal or a modulated intensity 

25 for a light signal to provide a unique light effect to facilitate observation by an individual. 
In addition, the provision of a variable or modulated intensity for a light signal may 
further enhance the ability to provide a unique desired light effect for observation by an 
individual. 

No warning lights are known which are flexible and which utilize a 
30 variable light intensity to modify a standard lighting effect. The warning lights as known 
are generally limited to a flashing light signal. Alternatively, other warning signal lights 
may provide a sequential illumination of light sources. No warning or utility light signals 

2 



are known which simultaneously provide for modulated and/or variable power intensity 
for a known type of light signal to create a unique and desirable type of lighting effect. 

No warning signal lights are known which provide an irregular or random 
light intensity to a warning signal light to provide a desired lighting effect. Also, no 
5 warning light signals are known which provide a regular pattern of variable or modulated 
light intensity for a warning signal light to provide a desired type of lighting effect. 
Further, no warning light signals are known which combine a desired type of light effect 
with either irregular variable light intensity or regular modulated light intensity to 
provide a unique and desired combination lighting effect. 

10 It has also not been known to provide alternative colored LED light 

sources which may be electrically controlled for the provision of any desired pattern of 
light signal such as flashing, pulsating, oscillating, modulating, variable, rotational, 
alternating, strobe, and/or combination light effects. In this regard, a need exists to 
provide a spatially and electrically efficient LED light source for use on an emergency or 

15 utility vehicle which provides the appearance of rotation or other types of light signals 
without the necessity of a mechanical devices. In addition, a need exists to provide a 
spatially and electrically efficient LED light source for use on an emergency vehicle 
which provides a flashing, modulated, variable, oscillating, rotational, alternating, and/or 
strobe light effects without the necessity of mechanical devices. 

20 In view of the above, there is a need for a warning signal light that: 

(1) Is capable of producing multiple light signals; 

(2) Produces the appearance of a revolving or oscillating light signal without 
relying upon mechanical components; 

(3) Generates little heat; 

25 (4) Uses substantially less electrical current; 

(5) Produces significantly reduced amounts of electromagnetic emissions; 

(6) Is rugged and has a long life cycle; 

(7) Produces a truer light output color without the use of filters; 

(8) Is positionable at a variety of locations about an emergency vehicle; and 
30 (9) Provides variable power intensity to the light source without adversely 

affecting the vehicle operator's ability to observe objects while seated within the interior 
of the vehicle. 
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In the past, flashing light signals emanating from light bars have been 
used to signal the presence of an emergency situation necessitating caution. A need 
exists to provide alternative colored LED light signals which may be electrically 
controlled for the provision of any desired pattern of light signal such as flashing, 
5 alternating, pulsating, oscillating, modulating, variable, rotational, and/or strobe light 
effects without the necessity of spatially inefficient and bulky mechanical devices. In 
that regard, a need exists to provide a spatially and electrically efficient LED light source 
for use on an emergency vehicle which provides any of the above-identified types of 
warning light signals without the necessity of mechanical devices. 

1 0 Another problem encountered during use of LED light sources is the 

optimization of the efficiency of the LED light sources for the provision of maximized 
illumination. Insufficient electrical current provided to the LED's results in non- 
optimized illumination, and excess current may burn the LED's out, damage the driving 
circuitry, and/or reduce the operational life of the LED's. In the past manufacturing 

15 discrepancies have occurred between different lots of LED's where the different lots of 
LED's have slightly different electrical properties. The maximization of the illumination 
for individual or groups of LED's is therefore problematic due to the inclusion of the 
LED's within standardized electrical circuitry. Customization of each circuit containing 
individual LED's is cost prohibitive. In addition, LED's having different frequencies or 

20 colors may also have different electrical properties reducing optimization within 

standardized circuitry. Further, individual LED's may degrade at different rates. A need 
exists to initially test or screen one or more LED's for initial conformance to known 
electrical specifications for inclusion within standardized circuitry. A need also exists to 
periodically monitor the voltage and/or current drop across one or more individual LED's 

25 to adjust the duty cycle of the LED's during use, for optimization of illumination during 
the life span of the LED's. 



GENERAL DESCRIPTION OF THE INVENTION 

According to the invention, there is provided a light emitting diode (LED) 
30 warning signal light which may be depicted in several embodiments. In general, the 

warning signal light may be formed of a single LED light source, a single row or an array 
of light emitting diode light sources configured on a light support and in electrical 
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communication with a controller, compensator, and a power supply, battery, or other 
electrical source. The warning signal light may provide various light signals, colored 
light signals, or combination light signals for use by a vehicle. These light signals may 
include a strobe light, a pulsating light, a revolving light, a flashing light, a modulated or 
5 variable intensity light, an oscillating light, an alternating light, and/or any combination 
thereof. Additionally, the warning signal light may be capable of displaying symbols, 
characters, or arrows. Simulated or actual rotating and oscillating light signals may be 
produced by sequentially illuminating columns of LED 's on a stationary or rotatable light 
support in combination with the provision of variable power intensity from the 
10 controller. Alternative colored LED light sources may also be electrically controlled for 
the provision of any desired pattern of warning light signals as previously identified. 

A plurality of light sources each containing an array or singular LED may 
be in electrical communication with a power supply and a controller to selectively 
illuminate the LED's to provide for the appearance of a revolving, modulating, variable, 
15 strobe, oscillating, alternating, pulsating, and/or flashing light source or any 

combinations thereof. The controller is preferably in electrical communication with the 
power supply and the LED's to modulate the power intensity for the LED light sources 
for variable illumination of the LED light sources. 

A principal advantage of the present invention is the optimization of 
20 performance of a warning signal light which is capable of producing several different 
types of light signals or combinations of light signals. 

Another principal advantage of the present invention is to be rugged and 
have a relatively longer life cycle than traditional warning signal lights. 

Still another principal advantage of the present invention is to produce a 
25 truer or pure light output color without the use of filters. 

Still another principal advantage of the present invention is to allow the 
user to adjust the color of the light signal without having to make a physical adjustment 
from a multi-colored panel. 

Still another advantage of the present invention is that the light signal 
30 produced may be easily customized by the user via a controller or microprocessor. 

Still another principal advantage of the present invention is the provision 
of an LED light source which is formed of a relatively simple and inexpensive design, 
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construction, and operation and which fulfills the intended purpose without fear of failure 
or injury to persons and/or damage to property. 

Still another principal advantage of the present invention is the provision 
of an LED light source for creation of bright bursts of intense white or colored light to 
5 enhance the visibility and safety of a vehicle in an emergency signaling situation. 

Still another principal advantage of the present invention is the provision 
of an LED light source which produces brilliant lighting in any of the colors associated 
with an emergency vehicle light signal such as red, blue, amber, green, and/or white. 

Still another principal advantage of the present invention is the provision 
10 of an LED light source which has an extended life cycle and continues to operate at 
maximum efficiency throughout its life cycle. 

Still another principal advantage of the present invention is the provision 
of an LED light source which draws less current and/or has a reduced power requirement 
from a power source for a vehicle. 
15 Still another principal advantage of the present invention is the provision 

of an LED light source which functions under cooler operating temperatures and 
conditions thereby minimizing the exposure of heat to adjacent component parts which, 
in turn, reduces damage caused by excessive heat. 

Still another principal advantage of the present invention is the provision 
20 of an LED light source having simplified compensating electronic circuitry for use as a 
component within standardized electrical circuitry of an electrical signaling system 
having known electrical characteristics. 

Still another principal advantage of the present invention is the provision 
of a warning signal light which includes LED technology and which is operated by a 
25 controller to provide any desired type or color of light signal including but not limited to 
rotational, pulsating, oscillating, strobe, flashing, alternating, variable, and/or modulated 
light signals without the necessity for mechanical devices. 

Still another principal advantage of the present invention is the provision 
of a warning signal light which is capable of simultaneously producing several different 
30 types of light signals. 

Still another principal advantage of the present invention is the provision 
of a warning signal light which includes a controller having compensating software 
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which may sense and adjust the current exposed to an LED module to modify the duty 
cycle for illuminated LED's to compensate for a current or voltage drop. 

Still another principal advantage of the present invention is the provision 
of an LED module which includes a compensator for initial adjustment of the electrical 
5 characteristics of the LED module for optimization within a light emitting diode 
signaling system. 

Still another principal advantage of the present invention is the provision 
of an LED light source which is flexible and which may be connected to a modulated 
power source to provide variable power intensity for the light source which in turn is 
10 used to create any desired type, pattern, or combination of light effects. 

Still another principal advantage of the present invention is the provision 
of a plurality of light emitting diodes (LED's), integral to a circuit board or LED 
mounting surface, where the LED's may be aligned in a single row or in vertical columns 
and horizontal rows. 

15 Still another advantage of the present the invention is the provision of an 

LED support member supporting an array of colored LED's and a controller capable of 
selectively illuminating the LED's of the same color to produce a single or mixed colored 
light signal. 

Still another advantage of the invention is the provision of a light emitting 
20 diode support member having LED's disposed about at least two sides and a controller 
capable of producing light signals on each side which are independent of each other. 

Still another advantage of the invention is the provision of an LED 
support member which may be easily connectable to an emergency vehicle, including but 
not limited to automobiles, ambulances, trucks, motorcycles, snowmobiles, and/or any 
25 other type of vehicle in which warning signal or emergency lights are utilized. 

Still another advantage of the present invention is the provision of a 
warning signal light having a controller in electrical communication with a plurality of 
light supports or single light sources for the provision of a modulated power intensity to 
the light sources. 

30 Still another advantage of the present invention is the provision of an LED 

light source which may include a substantially conical shaped reflector or culminator 
positioned adjacent to the light source. 
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Still another advantage of the present invention is the provision of a 
substantially conical reflector which may include concave and/or convex reflective 
surfaces to assist in the reflection of light emitted from an LED light source. 

Still another advantage of the present invention is the provision of an LED 
5 light support having a longitudinal dimension formed of one or more LED modules 
which provide a desired type of warning light signal. 

Still another advantage of the present invention is the provision of an LED 
light support including a circuit board or LED mounting surface having one or more heat 
sink wells each adapted to receive an individual LED as positioned within each of the 
10 heat sink wells. 

Still another advantage of the present invention is the provision of an LED 
light support having one or more reflectors or elongate mirrors disposed in a frame to 
reflect light emitted from the LED light sources is a desired direction. 

Still another advantage of the present invention is the provision of an LED 
15 light support having a culminator reflector which may be formed of one or more 

substantially conical reflector cups which are utilized to reflect light emitted from the 
light sources in a direction desired by an individual. 



BRIEF DESCRIPTION OF THE DRAWINGS 

20 FIG. 1 is a partial perspective view of an emergency vehicle equipped 

with a light bar containing warning signal lights according to an embodiment of the 
invention; 

FIG. 2 is a partial front elevation view of an emergency vehicle equipped 
with a light bar containing warning signal lights referring to an embodiment of the 
25 invention; 

FIG. 3 is a perspective view of a warning light signal according to an 
embodiment of the invention; 

FIG. 4 is a perspective view of a warning light signal according to an 
embodiment of the invention; 
30 FIG. 5 is a perspective view of a warning light signal according to an 

embodiment of the invention; 

FIGS. 6A, 6B, and 6C are schematic diagrams of the controller circuitry in 
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accordance with an embodiment of the invention; 

FIG. 7 is a detailed front view of a replacement LED light source; 

FIG. 8 is a detailed side view of a replacement LED light source; 

FIG. 9 is a detailed isometric view of a replacement LED light source and 

5 cover; 

FIG. 10 is a detailed isometric view of a reflector or culminator; 

FIG. 1 1 is a detailed isometric view of a culminator cup; 

FIG. 12 is an alternative cross-sectional side view of a cullminator cup; 

FIG. 13 is an alternative cross-sectional side view of a cullminator cup; 
10 FIG. 14 is an alternative cross-sectional side view of a cullminator cup; 

FIG. 15 is an exploded isometric view of an alternative cullminator 
assembly and replacement LED light module; 

FIG. 16 is an alternative partial cut away isometric view of an alternative 
cullminator assembly and replacement LED light module; 
15 FIG. 17 is an alternative detail view of an LED light source having 

sectors; 

FIG. 1 8 is an alternative detailed view of a circuit board or LED mounting 
surface having heat sink wells; 

FIG. 1 9 is an alternative detailed isometric view of a reflector assembly; 
20 FIG. 20 is an alternative cross-sectional side view of the frame of a 

reflector assembly; 

FIG. 21 is an alternative cross-sectional side view of a frame of a reflector 

assembly; 

FIG. 22 is a detailed back view of an individual LED light source; 
25 FIG. 23 is a detailed front view of an individual LED light source; 

FIG. 24 is an electrical schematic of a replacement LED module with 

compensator; 

FIG. 25 is a detailed graph of an LED duty cycle; 

FIG. 26 is an electrical schematic partial block diagram of the circuit of 
30 FIG. 24 connected to a controller and electrical system of a light fixture; 

FIG. 27 is a block diagram of software utilized to initiate further 
processing within compensating circuitry; and 
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FIG. 28 is a block diagram of the software utilized by the 
controller/microprocessor for driving the compensation circuitry. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 A warning signal light according to the principles of the invention is 

indicated generally herein as numeral 10. FIGS. 1 and 2 depict light bar 70 mounted to 
an emergency vehicle 104. Light bar 70 includes base 72, mounting means 74, cover 82, 
and warning signal lights 10. Also included in light bar 70 may be gyrators 90 used to 
impart motion to warning signal lights 10. 

10 Referring to FIG. 4, warning signal light 10 comprises light support 12, 

light sources 30, controller 50 (shown in FIG. 6), and connecting portion 40 for attaching 
the warning signal light 10 to light bar 70 or gyrator 90. The warning signal light 10 
operates to create a warning signal for use by an emergency vehicle 104 by selectively 
activating light sources 30 using controller 50. Alternatively, warning signal light 10 

1 5 may be formed of a solitary LED light source 30. 

Light sources 30 are preferably light emitting diodes (LED's) and are 
generally arranged in modules formed of groups of LED's as shown in FIG. 15. Each of 
the light emitting diodes (LED's) may have shoulder portion 38 adjacent LED support 12 
and dome 36. LED's 30 are situated to be in electric communication with controller 50 

20 and a power supply, a battery, or power source. The use of light emitting diodes (LED's) 
to replace traditional halogen, incandescent, or gaseous discharge xenon lamps reduces 
heat generation, current draw, and electromagnetic emissions, while increasing lamp life 
and producing a more true output light color. 

The controller 50 is used to selectively activate one or more individual 

25 LED's 30, to illuminate any number of a plurality of visually distinct types of warning 
light signals at any moment; to illuminate more than one of a plurality of visually distinct 
types of warning light signals simultaneously at any moment; to illuminate one of a 
plurality of combinations or patterns of visually distinct warning light signals at any 
moment, or over any desired period of time, or to illuminate more than one of a plurality 

30 of combinations or patterns of visually distinct warning light signals over any desired 
period of time. The plurality of visually distinct warning light signals may include, but 
are not necessarily limited to, a strobe light signal, a pulsating light signal, an alternating 
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light, a modulated light signal, a variable light signal, a flashing light signal, the illusion 
of a rotating or an oscillating light signal, a reverse character message, or images such as 
arrows. It should be noted that the controller 50 may also incorporate into any selected 
warning light signal variable or modulated power intensity to facilitate the provision of a 
5 desired unique lighting effect. For example, the controller 50 may illuminate one or 
more LED light sources 30 to establish a single warning light signal at a given moment. 
Alternatively, the controller 50 may illuminate one or more light emitting diode light 
sources 30 to provide two or more warning light signals at any given moment. Further, 
the controller 50 may simultaneously, consecutively, or alternatively, illuminate one or 

10 more LED light sources 30 to establish any desired combination or pattern of illuminated 
visually distinct warning light signals at any given moment or over a desired period of 
time. The combination and/or pattern of visually distinct warning light signals may be 
random or may be cycled as desired by an individual. The illumination of one or more 
patterns or combinations of warning light signals facilitates the continued observation by 

15 an individual. Occasionally, the concentration or attention of an individual is 

diminished when exposed to a repetitive or to a monotonous light signal. The desired 
purpose for illumination of a warning light signal is thereby reduced. The provision of a 
pattern, combination, and/or random illumination of visually distinct warning light signal 
preferably maximizes the concentration or attention to be received from an individual 

20 observing a warning light signal. The purpose of the warning light signal is thereby 
promoted. 

FIGS. 6 A, 6B, and 6C show an embodiment of controller 50 capable of 
selectively activating columns 32, rows 34 or individual LED's 30. Controller 50 
generally comprises microprocessor 52 and circuitry 53 and is preferably contained 

25 within, attached to, or an element of, LED support 12. It is envisioned that controller 50 
may be programmed by an external controller 55 and powered through cable R. 

In one embodiment, controller 50 generally comprises circuit board 54 or 
LED mounting surface having microprocessor 52 attached to a low voltage power 
supply, battery, or electrical source 56. Microprocessor 52 is configured through 

30 circuitry 53 to selectively activate columns 32 of LED's 30. Transistors Q9 and Q10 are 
in electronic communication with microprocessor 52, power supply, battery, or electrical 
source 56, and their respective columns 32.9 and 32.10 of LED's 30. Columns 32 of 
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LED's 30 are connected to transistors Q1-Q8, which are in turn connected to 
microprocessor 52 through resistors R1-R8. Microprocessor 52 is capable of selectively 
activating transistors Q1-Q8 to allow current flowing through transistors Q9 and Q-10 to 
activate the selected column 32 of LED's 30. This circuit is capable of producing a 
5 strobe light signal, an alternating light signal, a modulated signal, a variable light signal, 
a revolving light signal, a pulsating light signal, an oscillating light signal, or flashing 
light signal, a reverse character message, or images such as arrows. 

In one embodiment, a rotating or oscillating light signal may be 
established by the sequential illumination of entire columns 32 of LED's 30 by turning a 

10 desired number of columns on and then sequentially illuminating one additional column 
32 while turning another column 32 off. Alternatively, the rotating or oscillating warning 
light signal may be created by selectively activating columns 32 of LED's 30. 

A second embodiment of controller 50 provides a means for activating 
LED's 30 individually to allow for greater flexibility in the type of warning light signal 

15 created. This embodiment of the invention is capable of displaying information in 

different colors or patterns. Depending on the size of the display, it may be necessary to 
scroll the symbols or characters across the display to accommodate for a larger visual 
appearance. It is envisioned that the mirror image of patterns, symbols, or characters 
could be displayed making a desired message easily readable by drivers viewing the 

20 signal in a rear view mirror. It is also envisioned that this embodiment of the invention 
could display arrows indicating a direction a vehicle is to travel or other images as shown 
in FIG. 2. In addition, combinations of warning signal lights, direction arrows, and other 
information carrying signals or images, could be displayed simultaneously by the 
invention. 

25 LED support 12 is envisioned to have several embodiments. One 

embodiment, shown in FIG. 4, consists of a panel 14 having front 16, back 18, top 20, 
bottom 22 and sides 24. LED's 30 are arranged on front 16, with domes 36 extending 
therefrom, in columns 32 and rows 34. LED's 30 are in electric communication with 
controller 50 which may be contained or sealed within LED support 12 to provide 

30 protection from the elements. 

Another embodiment of warning signal light 10 is depicted in FIG. 5. 
Here, the backs 18 of two panels 14 are attached together to allow for a light signal to be 
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produced on two sides. The two panels 14 form LED support 12. Alternatively, it is 
envisioned that a single panel 14 having LED's arranged about front 16 and back 18 
could be used as well. 

It should be noted that numerous other shapes could be formed from 
5 panels 14 including those formed from combinations of flat, curved, and flexible panels. 

In each of the embodiments discussed above, the array of LED's 30 may 
be formed of the same or differently colored LED's. Generally, each column 32 or row 
34 may consist of a series of differently colored LED's. Controller 50 may be configured 
to select the color of the LED's to be illuminated forming the light signal. Accordingly, 

10 the user may select a blue, red, white, yellow, green, or amber color or any combination 
thereof to be used as the color of light signal. Alternatively, the warning signal 10 may 
be formed of individual LED's 30 which may be selectively illuminated. 

It is also envisioned that the controller 50 may control warning signal 
lights 10 having multiple sides (FIG. 5) such that each side is capable of producing 

1 5 warning light signals or combination warning light signals that are independent and/or 
different from those produced upon the other sides. 

Another embodiment of warning signal light 10 is depicted in FIGS. 1 and 
2 as light bar 70 which extends from driver side 100 to passenger side 102 of emergency 
vehicle 104. Cover 82 protects light bar 70 from the elements. Each side of light bar 70 

20 may have LED's 30 to produce or simulate warning light signals on each side of 
emergency vehicle 104. Furthermore, controller 50 may be used to create multiple 
warning light signals on each side of light bar 70. For example, controller 50 may create 
a simulated revolving blue light positioned at front passenger side 102 of light bar 70, 
oscillating white lights positioned at front driver side 100, and yellow arrows there 

25 between. Additional or alternative warning light signals may be produced out the back 
18 and sides of light bar 70. It is further envisioned that light bar 70 may consist of a 
single light source, a group of LED's, a single row of light sources or a large array of 
LED's 30 across each side (not shown). This embodiment provides the largest display 
and, therefore, is best suited to display desired combinations of warning lights and 

30 images. It should be noted that the identified types of warning light signals, 

combinations and/or patterns of warning light signals, may also be reproduced through 
the illumination of a single row of LED light sources 30. 
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It should be further noted that the warning signal light 10 may be used 
with an automobile, motorcycle, snowmobile, personal water craft, boat, truck, fire 
vehicle, helicopter, and/or any other type of vehicle receptive to the use of warning signal 
lights 10. It should be further noted that LED support 12 or panel 14 may be mounted to 
5 the interior top dashboard of a vehicle proximate to the front windshield 106 or to the 
interior top rear dashboard proximate to the rear windshield 106 of a vehicle. 

Mounting of a light support 12 or panel 14 to either the front or rear 
dashboards may minimize the necessity for inclusion of angular offsets 108 for the light 
sources 30 relative to the light support 12. Angular offsets, may be provided to adjust 

10 upwardly or downwardly the primary angle of illumination for a light source along a 
desired line of sight. For instance, if a light support were to be mounted to the interior of 
a windshield having an angle of incidence, then angular offsets may be used to 
downwardly adjust the illumination of the light sources for the provision of 
predominantly horizontal light. It should be further noted that LED supports 12 or panels 

15 14 may be releasably affixed to the interior of the front or rear windshields 106 via the 
use of suction cups, hook-and-loop fabric material such as Velcro® , and/or any other 
releasable affixation mechanism at the preference of an individual. An individual may 
then adjust and reposition the location of the light support 12 or panels 14 anywhere 
within the interior of a vehicle as desired for maximization of visualization of the 

20 warning signal lights 10. 

In operation, the LED replacement lamp 200 may be constructed as a 
replacement part for a conventional incandescent or xenon gaseous discharge lamp. The 
standard mounting base 270 may be sized to readily fit into the same light opening as an 
incandescent lamp would require, although it is apparent the electrical driving circuit for 

25 the LED replacement lamp 200 may require modifications to accommodate the LED 

operating principles. LED warning signal lamp 200 may be used in a variety of locations 
about a vehicle. 

It is also envisioned that the controller 50 may control warning signal 
lights 200 independently of one another such that each warning signal lamp 200 is 
30 capable of producing warning light signals which are independent and/or different from 
those produced at another location about an emergency vehicle 104. The controller 50 
may also alternate the color of the light illuminated from the warning signal lamp 200 in 

14 



each area as desired by an individual. Alternatively, the controller 50 may sequentially 
activate warning signal lamps 200 positioned about an emergency vehicle 104 to 
simultaneously produce a desired color or alternating sequence of colors. It should also 
be noted that the controller 50 may simultaneously illuminate all LED warning signal 
5 lamps 200 to produce a flashing or strobe light which may be particularly useful in 
certain emergency situations. 

One embodiment of the replacement LED lamp 200 is depicted in FIGS. 
7-9. In this embodiment the LED replacement lamp 200 includes a standard mounting 
base 270. The standard mounting base 270 also preferably includes a plurality of teeth 

10 272. The teeth 272 are preferably adapted for mating coupling with gears integral to a 
motor and/or reflector 260, or rotational light fixture 246 to facilitate rotation and/or 
oscillation of the replacement LED lamp 200. The standard mounting base 270 also 
preferably includes a top surface 274 opposite to the teeth 272. 

An upper cylinder portion 276 is preferably adjacent to the top surface 

15 274. The upper cylinder portion 276 may include an upper shoulder 278. Extending 
upwardly from the upper shoulder 278 is preferably a circuit board, LED mounting 
surface, or support 280 which preferably includes one or more LED illumination sources 
282. The LED illumination sources 282 may be of the same or different colors. A wire 
284 is preferably in electrical communication with the LED illumination sources 282 to 

20 provide for communication and contact with the controller 50 for combination and/or 
individual illumination of the LED illumination sources 282. A standard plug-in 
connector may be integral to the wire 284 to facilitate coupling engagement to the 
controller 50 and/or power source for a vehicle 104. Alternatively, the replacement lamp 
200 may be directly connected to the power source for a vehicle 104. 

25 The circuit board or LED mounting surface 280 is preferably adapted to 

have a first side 286 and an opposite side 288. A plurality of LED illumination sources 
282 may be disposed on both the first side 286 and the opposite side 288 of the 
replacement lamp 200. 

A glass dome or protector 290 is preferably adapted for positioning over 

30 the circuit board or LED mounting surface 280 for sealing engagement to the top surface 
274 of the standard mounting base 270. The glass dome 290 may be formed of 
transparent plastic material or a transparent or silicate glass material capable of 
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withstanding heat stress. It should be further noted that the glass dome 290 preferably 
protects the circuit board or LED mounting surface 280 and the LED illumination 
sources 282 from contamination and from exposure to moisture during use of the 
replacement lamp 200. In this regard, the sealing lip 292 of the glass dome 290 
5 preferably is securely affixed to the top surface 274 to effectuate sealing engagement 
therebetween. The outer diameter of the glass dome 290 is preferably about one inch 
which is sized to fit within the conventional opening 248 in a typical lamp fixture or 
reflector assembly 260. 

The replacement lamp 200 depicted in FIGS. 7, 8, and 9, is also adapted 
10 to be positioned in a one inch light receptacle opening 248 which has been placed into a 
reflector assembly 260. Illumination of one or more individual LED illumination sources 
282 as disposed on the circuit board or LED mounting surface 280 enables the 
replacement lamp 200 to take on the appearance of a warning signal or emergency 
signaling lamp. 

15 The replacement lamp as depicted in FIGS. 7, 8, and 9, may alternatively 

permit the circuit board 280 to extend below the upper shoulder 278 to facilitate 
affixation and positioning relative to the standard mounting base 270. 

The controller 50 may regulate the illumination of the LED light sources 
282 individually, or in combination, to provide a desired warning lighting effect for the 

20 replacement lamp 200. Also, the controller 50 may illuminate the LED light sources 282 
individually, or in combination, independently with respect to the first side 286 and the 
opposite side 288 to provide different warning light effects to be observed by an 
individual dependant upon the location of the person relative to the replacement lamp 
200. The controller 50 may also simultaneously or independently regulate the power 

25 intensity to the LED illumination sources 282 to provide for a modulated or variable light 
intensity for observation by an individual. It should also be noted that the LED 
illumination sources 282 may be formed of the same or different colors. 

Modulated power intensity enables the provision of various power output 
or patterns of illumination for creation of a plurality of visually distinct warning light 

30 signals. In these embodiments, the controller 50 illuminates selected light sources 282, 
and the controller 50 may also regulate and/or modulate the power supplied to the light 
source 282, thereby varying the intensity of the observed light. The controller 50 may 
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modulate the power supplied to the LED warning signal lamps 10 or LED replacement 
lamps 200 in accordance with a sine wave pattern having a range of 0 to full intensity. 
At the instant of full intensity, the controller 50 may also signal or regulate a power burst 
for observation by an individual. The controller 50 operating to regulate and/or modulate 
5 the power intensity for the warning signal lamps 10 or LED replacement lamps 200 in 
conjunction with illumination and non-illumination of selected light source 282 may 
establish the appearance of a rotational warning light source or pulsating light source 
without the necessity of mechanical rotational or oscillating devices. The current draw 
requirements upon the electrical system of an emergency vehicle 104 is thereby 

10 significantly reduced. Spatial considerations for an emergency vehicle are also 

preferably optimized by elimination of mechanical, rotational and/or oscillation devices. 

The controller 50 may also regulate the modulated power intensity for the 
provision of a unique variable intensity warning light signal. The unique variable 
intensity light source is not required to cycle through a zero intensity phase. It is 

1 5 anticipated that in this embodiment that the range of intensity will cycle from any desired 
level between zero power to full power. A range of power intensity may be provided 
between thirty percent to full power and back to thirty percent as regulated by the 
controller 50. It should also be further noted that an irregular pattern of variable power 
intensity may be utilized to create a desired type of warning light effect. In addition, the 

20 controller 50 may also sequentially illuminate adjacent columns 32 to provide a unique 
variable rotational, alternating, oscillating, pulsating, flashing, and/or combination 
variable rotational, alternating, pulsating, oscillating, or flashing visual warning light 
effects. A pulsating warning light signal may therefore be provided through the use of 
modulated power intensity to create a varying visual illumination or intensity light effect. 

25 The use of a controller 50 to provide a modulated power intensity for a 

light source may be implemented in conjunction with replacement lamps 200, flexible 
circuit boards having LED light sources 30, paneled circuit boards or LED mounting 
surfaces having LED light sources 30, light bars 70 having LED light sources 30, a 
cylindrical, square, rectangular, or triangular-shaped circuit boards having LED light 

30 sources 30 and/or any other type or shape of LED light sources including but not limited 
to the embodiments described herein. 

Further, the controller 50 may be utilized to simultaneously provide 
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modulated or variable light intensity to different and/or independent sections, areas, 
and/or sectors 326 of a light source (FIG. 17). Also, the controller 50 may be utilized to 
simultaneously provide modulated or variable light intensity to different and/or 
independent sectors, areas, and/or sections 326 of the forward facing side or rearward 
5 facing side of the light bar 70 for the provision of different warning light signals or a 
different warning light effects on each side. In this embodiment it is not required that the 
forward facing and rearward facing sides of the light bar 70 emit the identical visual 
patterns of illuminated light sources 30. The controller 50 may regulate and modulate 
the variable light intensity of any desired sector 326 of the forward facing side 
10 independently from the rearward facing side of the light bar 70. It should be further 
noted that an infinite variety of patterns and/or combinations of patterns of warning light 
signals may be provided for the forward facing side and the rearward facing side of the 
light bar 70. 

The modulated power intensity may be regulated by the controller 50 to 

15 create a unique warning light signal within a single sector 326 or in conjunction with 
multiple separated or adjacent sectors 326 of light bar 70 or light support for the 
provision of any desired composite emergency warning light signal. All individual LED 
light sources 30 within a light bar 70 or light support may be simultaneously exposed to 
incrementally increased modulated power intensity to provide for an incremental increase 

20 in illumination. The modulation of the power intensity in conjunction with the 

incremental increase in illumination of all LED light sources 30 within light bar 70 or 
light support may provide the appearance of rotation of a warning light signal when 
observed by an individual. The power exposed to the individual light sources 30 may 
then be incrementally decreased. It should be noted that the power is not required to be 

25 regularly incrementally increased or decreased or terminated. It is anticipated that any 
pulsating and/or modulated variable light intensity may be provided by the controller 50 
to the LED light sources 30. 

It should also be noted that all individual LED light sources 30 within a 
light bar 70 are not required to be simultaneously and incrementally illuminated to 

30 provide for the appearance of rotation. For example, a light bar 70 or light support may 
be separated into one or more distinct segments 326 which are formed of one or more 
columns 32 of LED light sources 30. A particular segment 326 may be selected as a 
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central illumination band which may receive the greatest exposure to the modulated or 
variable power intensity and, therefore, provide the brightest observable light signal. An 
adjacent segment 332 may be disposed on each side of the central illumination band 330 
which in turn may receive modulated or variable power intensity of reduced magnitude 
5 as compared to the central illumination band 330. A pair of removed segments 333 may 
be adjacent and exterior to the segments 332, and in turn, may receive exposure to a 
modulated power source of reduced intensity as compared to segments 332. The number 
of desired segments may naturally vary. The controller 50 may thereby regulate a power 
source to provide a modulated or variable power intensity to each individual segment 
10 330, 332, or 333 (FIG. 17) to provide for a unique warning light effect for the light bar 70 
or light support. 

The provision of a modulated power intensity to the light bar 70 or light 
support may also be coupled with, or in combination to, the sequential illumination of 
columns 32 as earlier described. In this situation, the warning light signal may initially 

15 be dim or off as the individual columns 32 are sequentially illuminated and extinguished 
for illumination of an adjacent column or columns 32. The power intensity for the 
illuminated column or columns 32 may simultaneously be incrementally increased for a 
combination unique rotational and pulsating modulated or variable warning light signal. 
In addition, the controller 50 may be programmed to provide the appearance of rotation 

20 pulsation and/or oscillation at the discretion of an individual. 

Each individual LED light source 30 preferably provides an energy light 
output of between 20 and 200 or more lumens. Each light support 12 may contain a 
plurality of rows 34 and columns 32 of individual LED light sources 30. The light 
supports 12 are preferably in electrical communication with the controller 50 and power 

25 supply. Each support 12 may be controlled as part of an overall warning light signal or 
pattern where individual supports 12 may be illuminated to provide a desired type or 
combination light signal in addition to the provision of a modulated or variable power 
intensity for the light source 30. Each portion, section, sector, or area 326 of light bar 70 
or light support may be controlled as part of an overall warning light signal or pattern 

30 where individual sections or sectors 326 may be illuminated to provide a desired type of 
warning light signal including but not limited to rotation and/or oscillation through the 
use of a modulated or variable power intensity. Alternatively, the controller 50 may 
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provide for the random generation of light signals without the use of a preset pattern. 

Referring to FIG. 17, a panel 304 of individual LED light sources 306 is 
depicted. The panel 304 may form the illumination element for the light bar 70 or light 
support 12, 302 as affixed to an emergency vehicle 300. Each panel 304 preferably 
5 contains a plurality of rows 34 and columns 32, 328 of individual LED light sources 306. 
The panels 304 are preferably in electrical communication with the controller 50 and 
power supply (now shown). 

Each individual LED light source 306 is not required to receive the same 
level of power output from the controller 50. Different individual LED light sources 306 

10 may receive different power output levels within a single warning light signal. Individual 
LED light sources 306 within panel 304 are not required to be simultaneously and 
incrementally illuminated to provide a desired light signal. 

Referring to FIGS. 22 and 23, an individual LED light source 306 is 
depicted in detail. The LED light source 306 preferably include a ceramic and/or heat 

15 resistant base 334. Centrally within the ceramic and heat-resistant base 334 is positioned 
a light source 336. The light source 336 is preferably enclosed within a protective cover 
338. Extending outwardly from the individual light source 306 are a pair of contact 
paddles 340 which preferably provide for the electrical contacts for illumination of the 
light sources 336 during use. The back of the LED light source 306 includes a slug 342. 

20 The slug 342 is designed to be positioned within circular openings 344 of a circuit board 
or LED mounting surface 346 (FIG. 18). The circuit board or LED mounting surface 346 
preferably establishes a heat sink within an aluminum base or frame 348 as depicted in 
FIGS. 20 and 21. The LED light sources 306 as depicted in FIGS. 22 and 23 preferably 
provide for a light intensity varying between 20 and 200 lumens or higher. The 

25 positioning of the slug 342 in the circular openings 344 of the circuit board or LED 
mounting surface 346 also preferably establishes a heat sink. A heat sink is desirable 
because the individual LED light sources 306 may have a sufficient level of power output 
during use to develop heat. As a result, the slugs 342 are positioned within the circular 
opening 344 and may be fully engaged to an adhesive for affixation to an aluminum base 

30 349 (FIG. 20 and 21). This combination assists in the dissipation of heat during use of 
the individual LED light sources 306 enhancing the performance of the light support 302. 

As may be seen in FIGS. 15, 16, and 19, in an alternative embodiment, the 
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light bar or light support 302 or panel 304 may be formed of a single row of LED light 
sources 306. Within this embodiment, the LED light sources 306 are positioned within 
circular openings 344 of circuit board or LED mounting surface 346 (FIG. 19). Circuit 
board 346 may be affixed to aluminum base 348 through the use of adhesive including 
5 glass beads where the circular openings 344 preferably establish a heat sink for the 
individual LED light sources 306. The use of adhesive including glass beads to affix the 
LED light sources 306 and circuit board 346 to the aluminum base 348 preferably assists 
in the creation of electrical contact for the light bar or light support 302. 

As depicted in FIG. 19 the top surface of the circuit board or LED 

10 mounting surface 346 may include two reflectors or mirrors 350. The reflectors or 

mirrors 350 are preferably elongate and are positioned substantially parallel to each other 
and are adjacent or aligned to the rows of individual LED's 306. The reflectors or 
mirrors 350 preferably diverge upwardly and outwardly from a position proximate to the 
LED light source 306 and aluminum base 348. As such, the mirrors 350 have a 

15 separation distance which is narrow proximate to the LED light sources 306, where the 
separation distance becomes larger as the distance vertically from the aluminum base 348 
increases. 

As earlier described, the brightest or most intense light of the individual 
LED light sources 306 is provided at an acute angle of approximately 40° to 42°. The 

20 reflector or mirror 350 as angled upwardly and outwardly relative to the row of LED light 
sources 306 reflects light exiting the LED light sources 306 along a desired line of sight 
which corresponds to perpendicular observation by an individual. The reflectors or 
mirrors 350 maximize the efficiency of the light sources 306 by reflecting light along the 
line of sight to be observed by an individual during an emergency situation. The 

25 reflectors or mirrors 350 may have a polished or non-polished surface depending on the 
brightness desired for the light support 302. The reflectors or mirrors 350 may also 
include one or more reflective sections 374 and/or transparent or clear sections 372. The 
transparent or clear sections 372 and the reflective sections 374 are described in detail 
with reference to FIGS. 1 1-14 herein. It should be noted that the surface of the reflectors 

30 or mirrors 350 may include any desired combination of sections, patterns, stripes, rows, 
and/or columns of clear or transparent sections 372 and/or reflective sections for a 
reflection of light illuminated from the individual LED light sources 306 during the 
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provision of a warning light signal. 

As depicted in FIGS. 20 and 21, the frame 348 includes a base 349. The 
base 349 may include a holding cavity 358. In the holding cavity 358 is preferably 
positioned a circuit board or LED mounting surface 360 which includes a plurality of 
5 circular openings 344. In each circular opening 344, is preferably positioned an 
individual LED light source 306. Above the holding cavity 358 is preferably a first 
support 362 and a second support 363. The first support 362 and second support 363 
preferably have an angled interior edge 364. Each angled interior edge 364 is preferably 
adapted to receive a reflector or mirror 350. Each mirror 350 is preferably utilized to 

10 reflect light illuminated from an individual light source 306 along a visual line of sight as 
depicted by arrow AA of FIG. 21. The first and second supports 362, 363 also 
preferably include a positioning ledge or notch 366 which is adapted to receive a glass or 
transparent plastic cover lens 368 which serves as a protector for the frame 348 and 
individual LED light sources 306. 

15 Referring to FIGS. 10-14, a reflector or cullminator for the individual 

LED light sources 306 is disclosed. The reflector or cullminator is indicated in general 
by the numeral 370. The reflector or cullminator 370 may be substantially conical in 
shape and may be configured to encircle an individual LED light source 306. The 
reflector or cullminator 370 may be partially transparent and have partially cut away side 

20 walls. The reflectors 370 may have a clear section 372 and a reflective section 374. In 
FIG. 13, the clear section 372 is preferably positioned proximate to the LED light source 
306 and the reflective section 374 is preferably positioned to the top of the reflector 370. 

In FIG. 12, the reflective section 374 is preferably positioned proximate to 
the LED light source 306 and the clear section 372 is preferably positioned to the top of 

25 reflector or cullminator 370. As may be seen in FIG. 14, the entire interior surface of the 
reflector or cullminator 370 may be formed of a reflective section 374. It should be 
noted that any combination of clear sections 372 and reflective sections 374 may be 
utilized. It should be noted that a plurality of clear sections 374 may be utilized within 
each reflector or cullminator 370. 

30 The use of a combination of clear sections 372 and reflective sections 374 

enable an individual to select a configuration for the provision of partial illumination 
along an angle which is not parallel to a desired line of sight. An individual may thereby 
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be able to observe an illuminated light signal from the side or top of a light bar or light 
support 302 as opposed to being aligned with a desired line of sight. 

Each of the cullminator or reflector cups 370 preferably includes an 
angled interior surface which extends upwardly and diverges outwardly from a central 
5 opening 394. Each central opening 394 is preferably constructed and arranged for 
positioning proximate to and over an LED light source 306. Each of the cullminator or 
reflector cups 370 also preferably includes an angled exterior surface which extends 
upwardly and diverges outwardly from a bottom or base which is preferably positioned 
proximate to an LED mounting surface or circuit board 346. 

10 Referring to FIG. 10 a plurality of cullminator cups or reflectors 270 may 

be formed into a cullminator assembly or array 392. The cullminator assembly or array 
392 is preferably adapted for positioning over an array of LED light sources 306. 
Examples of arrays of LED light sources 306 which may be utilized with a cullminator 
assembly 392 are depicted in any of the embodiments identified herein 

15 Each cullminator array 392 is preferably formed of a reflective material 

which has plurality of reflective cups 370 disposed there through. Each opening 394 is 
adapted for positioning over an LED light source 306. The cullminator array 392 
preferably has a sufficient thickness to establish an interior reflective surface having a 
sufficient dimension to reflect light as emitted from the LED light sources 306. 

20 Alternatively, the interior surface of each reflector cup 370 may be entirely or partially 
coated with reflective material. 

A culminator array 392 may be formed in any shape including, but not 
necessarily limited to, square, rectangular, triangular, linear, circular, oval, and special or 
other irregular shapes for use in reflecting light emitted from an LED light source 306. 

25 Referring to FIGS. 15 and 16 a modular light support 480 in general 

includes an LED mounting surface 482 having one or more LED light sources 306, a 
cullminator assembly 484 and a cover 324. 

The LED mounting surface 482 is preferably elongate and includes a 
plurality of LED light sources 306. In general, one to five LED light sources 306 are 

30 disposed in a linear orientation along the LED mounting surface 482 which may be a 
circuit board as earlier described. The LED mounting surface 482 also preferably 
includes a first end 486 and a second end 488. An opening 490 is preferably positioned 
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through the LED mounting surface 482 proximate to each of the first end 486 and second 
end 488. 

The cullminator assembly 484 preferably includes a plurality of reflector 
cup areas 492. The cullminator assembly 484 preferably includes a plurality of support 
5 walls 494 and a top surface 496. The cullminator assembly 484 preferably includes a 
plurality of openings 490. Each of the openings 490 is preferably sized to receivingly 
position and hold the individual LED light source 306 during assembly of the modular 
light support 480. The reflector cup areas 492 are preferably equally spaced along the 
cullminator 484 to correspond to the spacing between the individual light sources 306 as 

10 disposed on the LED mounting surface 482. 

The cover 324 is preferably transparent permitting transmission of light 
emitted from the LED light supports 306 therethrough. The cover 324 preferably 
includes a forward face 498, a pair of end faces 500, a top face 502 and a bottom face 
504. Each of the pair of end faces 500 preferably includes a receiving notch 506 which is 

15 adapted to receivingly engage the LED light mounting surface 482 during assembly of 
the modular light support 480. An affixation opening 508 preferably traverses the 
forward face 498 proximate to each of the pair of end faces 500. A fastener 510 
preferably passes through the affixation opening 508 for engagement to the opening 490 
to secure the LED mounting surface 482 into the receiving notch 506. It should be noted 

20 that the cullminator assembly 484 is then positioned within the interior of the cover 324 
where the top surface 496 is proximate to the forward face 498. The illumination of the 
LED light sources 306 then transmits light through the forward face 498 for observation 
of an emergency warning light signal. 

Specifically referring to FIG. 16 one or more modular light support 480 

25 may be positioned adjacent to each other for the creation of a light bar or light stick 512. 
The modular light supports 480 and/or light bar or light stick 512 may be coupled to a 
controller 50 which may independently and/or in combination provide a plurality of 
independent and visually distinct warning light signals as earlier described. In addition, 
the controller 50 may provide modulated and/or variable power intensity to the individual 

30 LED light sources 306 to establish unique warning light signal effects. It should also be 
noted that the controller 50 may individually illuminate LED light sources 306 to provide 
for one or a combination of colored light signals. 
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Any number of modular light supports 480 may be positioned adjacent to 
each other to comprise a light bar or light stick 512. It should be further noted that a 
plurality of modular light supports 480 may be positioned at any location about the 
exterior or within the interior of a vehicle. In one embodiment each of the individual 
5 modular light supports 480 will be electrically coupled to a power supply and controller 
50 for the provision of unique individual and visually distinctive warning light signals 
and combination warning light signals as earlier described. 

LED technology enables the selection of a desired wave length for 
transmission of light energy from the individual LED light sources 306. Any wave 

10 length of visible or non- visible light is available for transmission from the LED light 
sources 306. As such, generally no filters are required for use with individual LED light 
sources 306. The individual LED light sources 306 may be selected to provide for any 
desired color normally associated with the use in emergency vehicles such as amber, red, 
yellow, blue, green and/or white. 

15 It should be further noted that the controller 50 may simultaneously 

display any number of combinations of warning light signals. For example, the 
controller 50 may provide for a solitary light signal for transmission from a light source. 
Alternatively, the controller 50 may effect the transmission of two or more signals 
simultaneously from the identical light source where a first warning light signal is 

20 emitted from one portion of the light source and a second warning light signal is emitted 
from a second portion of the light source. Alternatively, the controller 50 may alternate 
the two or more warning light signals where the first area of the light source first 
transmits a first warning light signal and secondly transmits a second warning light 
signal. The second area of the light source initially transmits the second warning light 

25 signal and then transmits the first warning light signal. Further, the controller may 
transmit two or more independent and visually distinct warning light signals 
simultaneously within different areas of light source. The controller 50 may also reverse 
the warning light signals for simultaneous transmission between different areas of the 
light source. Further, the controller 50 may regulate the transmission of more than two 

30 visually distinct types of warning light signals from a light source at any given moment. 
The controller 50 may alternate warning light signals within different areas or enable 
transmission of warning light signals in reverse alternating order for the creation of an 
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infinite variety of patterns of visually distinct warning light signals for use within an 
emergency situation. The controller 50 may also permit the transmission of a repetitive 
pattern of warning light signals or a random pattern of visually distinct warning light 
signals. 

5 Referring to FIGS. 24 through 28, in general, the electrical characteristics 

of light emitting diodes vary between manufacturing lots. In addition, the electrical 
characteristics of light emitting diodes vary between colors which emit different 
wavelengths or frequencies of light. It is generally not economical for a manufacturer of 
standardized circuitry and/or electrical systems for a light fixture, which include defined 

10 and acceptable electrical parameters, to customize electrical circuitry for light emitting 
diodes which have varying electrical characteristics dependent upon manufacturing lots. 
It is also cost prohibitive to customize the electrical specifications of each electrical 
system to optimize performance for light emitting diodes used within an electrical light 
fixture. It is further cost prohibitive to customize the electrical specifications for an 

15 electrical system so that light emitting diodes may operate properly or function within 
standardized acceptable operational parameters. 

A need therefore exists to standardize the electrical specifications of light 
emitting diodes for first satisfaction of the electrical requirements of a standardized 
electrical system and second to optimize performance of the light emitting diodes without 

20 damage to an electrical system which may occur as a result of increased heat and/or 
burnout of the light emitting diodes. 

Light emitting diodes degrade over time. To compensate for the 
degradation of light emitting diodes, increased current and/or an increased duty cycle is 
exposed to the light emitting diodes to maintain an optimized level of illumination. At a 

25 certain time, the degradation of the light emitting diodes will advance where additional 
input of current and/or an increased duty cycle will not compensate for the deterioration 
of light output necessitating replacement of the LED module. 

In order to attempt to solve the above-identified problems, each batch 
and/or manufacturing lot of light emitting diodes is initially screened or tested to 

30 determine specific electrical characteristics which may then be separated into groups. 

The number of groups of light emitting diodes may vary where more or 
fewer groups may be established as needed dependent upon the requirements of the 
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electrical system to utilize the light emitting diodes. For example, the electrical 
schematics and electrical parameters for a light bar may be known. The electrical 
schematics and electrical requirements for a light bar will preferably include a known 
window of acceptable specifications for a replaceable LED module 600 (FIG. 15). The 
5 replaceable LED module 600 thereby provides a desired level of performance within the 
electrical system for the LED light bar. 

The initial screening or testing of manufacturing lots and/or batches of 
light emitting diodes also determines whether the electrical characteristics for the light 
emitting diodes are outside of the specifications for use within the standardized electrical 

10 system on either the high or low voltage sides. A compensator 614 may be used to 
initially adjust the electrical parameters for the LED'S to reduce or enlarge the voltage 
and/or current draw for inclusion of a replaceable LED module 600 into the electrical 
system for a light fixture such as a light bar. The replaceable LED module 600 thereby 
conforms to the standardized electrical requirements for the electrical system to provide 

1 5 optimized performance. 

In general, the compensator 614 tunes the particular batch and/or 
manufacturing lot of light emitting diodes for balancing of the electrical characteristics of 
the replaceable LED module 600. The replacement LED module electric circuit is 
therefore balanced and/or adjusted to the electrical specifications of the pre-manufactured 

20 fixture circuitry. 

An initial compensator 614 may be a diode, zener diode, resistor, and/or 
transistor used to modify the electrical characteristics of a series of light emitting diodes 
608, 610, 612, for inclusion within the specifications of the electrical system circuitry for 
pre-manufactured light fixtures. 

25 A variety of zener diodes are available to adjust a series of light emitting 

diodes 608, 610, 612, which have been previously screened for electrical discrepancies. 
A particular zener diode may be selected for connection in series with a plurality of 
LED's 608, 610, 612, to compensate for current or voltage discrepancies. The 
compensation for electrical discrepancies caused by individual LED's 608, 610, 612, 

30 and/or standardization for inclusion within electrical specifications occurs prior to the 
inclusion of the replacement LED module 600 within a light fixture such as a light bar. 
The compensator 614 balances each of the replacement LED modules 600 in order to 
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conform to standardized specifications for the light fixture and to optimize performance 
of the light emitting diodes during the provision of illumination. 

The prescreening of the individual light emitting diodes 608, 610, and 
612, as included within the replacement LED module 600 are initially categorized 
5 according to a measured forward voltage. The forward voltage measurement summarizes 
a forward voltage drop for a given level of current input. 

The replacement LED modules 600 are initially formed of three light 
emitting diodes from an identical manufacturing lot and/or batch. The light emitting 
diodes 608, 610, 612, generally are of the same color. The light emitting diodes 608, 
10 610, 612, are formed into the replacement module 600 which is then tested at 350 ma 
(milliamps) DC. The forward voltage drop is then recorded. Generally, the forward 
voltage drop range is between 6.6 volts to 10.3 volts. The wide range of forward voltage 
drop does not, in all cases, conform to the electrical specifications and/or parameters for 
the standardized pre-manufactured electrical system for a light fixture such as the light 
15 bar. The use of a zener diode 614 in series with the light emitting diodes 608, 610, 612, 
adjusts and/or tunes a desired amount of current/forward voltage to the replacement LED 
module 600. The zener diodes 614 provide a reverse current voltage drop which is 
utilized to tune the replacement LED module 600. 

For example, initial screening of batches and/or manufacturing lots of 
20 light emitting diodes 608, 610, and 612, may be categorized into groups where the first 
group has a forward voltage drop of approximately 6.6 v to 7.3 v; a second category has a 
forward voltage drop of approximately 7.4 v to 8.0 v; a third category has a forward 
voltage drop of approximately 8.1 v to 8.7 v; a fourth category has a forward voltage 
drop of approximately 8.9 v to 9.5 v; and a fifth category has a forward voltage drop of 
25 approximately 9.6 v to 10.3 v. 

A reverse current voltage drop zener diode 614 would be used in the first, 
second, third, and fourth categories. The fifth category would not require the use of 
reverse current voltage drop zener diode 614 because a forward voltage drop of 
approximately 9.6 v to 10.3 v satisfies the initial electrical operational specifications for 
30 the electrical driving system of the light fixture. 

Referring to FIGS. 24 through 26, a replacement LED module 600 is 
generally disclosed. The replacement LED modules 600 preferably includes a plurality 
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of light emitting diodes 608, 610, and 612, electrically coupled in series. A zener diode 
614 is also preferably electrically connected to the light emitting diodes 608, 610, and 
612, in series. The zener diode 614 may be replaced by a resistor, transistor, and/or 
diode provided that the replacement compensator 614 tunes and/or adjusts the 
5 prescreened electrical characteristics for the replacement LED light module 600 for 
inclusion within standardized specifications for the electrical system of a light fixture. In 
the past, it has been determined that the use of a resistor as the compensator 614 
produces the complication of excess heat which is required to be dissipated to avoid 
collateral damage to electronic circuitry. Diodes have been selected for the compensator 

10 614 to function as a passive component such as a resistor without developing excess heat 
within the light fixture housing which is required to be dissipated. 

Many different types of zener diodes 614 are available to function as a 
compensator within the replacement LED module 600. The replacement LED module 
600 may include one or more zener diodes 614 in series, and/or in parallel to tune and/or 

15 adjust the prescreened electrical parameters to conform to electronic specifications for 
the light fixture. In general, zener diodes 614 are available having any desired level of a 
reverse current constant voltage drop. The forward current constant voltage drop of a 
zener diode 614 is approximately 0.7 volts. The maximum power dissipated by the zener 
diode 614 is preferably characterized by an equation defined as the maximum power 

20 equals the maximum current rating times the reverse current constant voltage drop. 

A zener diode 614 will preferably be selected for each of the above- 
identified categories 1 through 4. For example, for category 1, a zener diode 614 having 
a reverse current constant voltage drop of approximately 3.0 v; a zener diode 614 would 
be selected for category 2 which would likely have an approximate reverse current 

25 voltage drop of 2.2 v; a zener diode 614 would be selected for category 3 which would 
likely have an approximate reverse current constant voltage drop of 1.5 v; and a zener 
diode 614 would be selected for category 4 which would likely have an approximate 
reverse current constant voltage drop of .7 v. 

As may be seen in FIG. 24, the replacement LED module 600 preferably 

30 includes an electrical input 616 and an electrical output 626. The microcontroller 50, 
900, preferably includes an input 632 and an output 624. The input 632 preferably 
constantly senses the current passing through the replacement LED module 600. The 
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replacement LED module 600 in the optimum mode allows current flow in the range of 
250 ma to 450 ma. If the current monitored through the LED replacement module 600 is 
greater than 450 ma, then the microcontroller 900 switches to decrease the current, where 
the duty cycle for the replacement LED module 600 is lowered by approximately 20%. If 
5 the current monitored through the replacement LED module 600 is less than 250 ma, 
then the microcontroller switches to increase the current and duty cycle of the 
replacement LED module 600 by approximately 20%. The amount of energy, or power 
consumed by the replacement LED modules 600 is generally between 2.4 watts to 4.6 
watts per replacement LED module 600. The microcontroller 900 preferably regulates 

10 the current provided to the replacement LED module 600 such that current draw remains 
in the range of 250 ma to 450 ma. The power consumed by the replacement LED 
module 600 may be calculated using the equation: power = voltage x current. 

Referring in detail to FIG. 26, the controller 50, microcontroller 900 is 
shown as a block diagram. The controller 50, microcontroller 900 is in communication 

15 with replacement LED modules 600, 602, 604, and 606. Replacement LED modules 
600, 602, 604, and 606, in general are each formed of three light emitting diodes 608, 
610, and 612, connected in series. A zener diode 614 as earlier described is connected in 
series to each light emitting diode 612. Light emitting diodes 608, 610, and 612, are 
preferably of the same color and/or wavelength as earlier described. The color of the 

20 light emitting diodes 608, 610, and 612, are not required to be identical between 

replacement LED modules 600, 602, 604, and 606. Replacement LED module 600 has a 
current input 616 which is connected to a power supply of approximately 12 volts which 
may be plus or minus two volts as indicated in FIG. 26 and FIG. 24. The input 616 is 
electrically connected to a switch 618 which may be a switching transistor. The input 

25 616 may further be electrically coupled to a resistor 620 which is electrically upstream 
from the switch 618. It should be noted that the resistor 620 is optional as well as the 
transistor as a portion of the switch 618. The resistor 620 in the circuit as indicated in 
FIG. 26 is preferably rated for 500 ohms. An electrical connector 622 is preferably 
coupled to the output 624 of controller 50. The replacement LED module 600 preferably 

30 includes an output 626 which is in electrical communication with a microcontroller 50, 
900, which functions as a sensor. The microcontroller 50, 900, preferably functions as a 
measuring component to analyze the voltage exiting from the LED replacement module 
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600. The microcontroller 50, 900, is preferably in communication with a second 
electrical connector 630, which in turn is electrically coupled to an input 632. The 
electrical elements for the replacement LED modules 600 are preferably duplicated 
within modules 602,604, and 606. 
5 A third electrical connector 634 preferably provides a communication 

pathway between the input 632 and the compensating software 900. A fourth electrical 
connector 636 preferably provides a communication pathway between the input 632 and 
a data or look-up table 1000 of microcontroller 50. A fifth electrical connector 638 
preferably provides a communication pathway between the data or look-up table 1000 

10 and the compensating software 900. 

In operation, the microcontroller 50 generates a duty cycle with a 
corresponding current draw of between 250 ma and 450 ma through the LED's. The 
signal passes through resistor 620 and activates switch 618 for current entry into 
replacement LED module 600 at input 616. The current then passes through LED's 

15 connected in series 608, 610, and 612, to provide visual illumination. The current then 
passes through the initial compensator 614 which is preferably a zener diode having the 
electrical features and characteristics as earlier described. The current then exits through 
the transistor to the ground of the power supply. Diode 628 preferably has a forward 
voltage of 0.7 volts which eliminates feedback into the replacement LED module 600. 

20 The diode 628 preferably does not have a reverse current constant voltage drop as earlier 
described. 

The sensed current exiting the replacement LED module 600 is preferably 
transmitted to the microcontroller 50, 900, through the second electrical connector 630. 
The microcontroller 50, 900, assigns the value of the current exiting the replacement 

25 LED module 600 as a first signal 650 for processing within compensating software 900. 
The first signal 650 is preferably communicated to the compensating software 900 
through the third electrical connector 634. The first signal 660 is also communicated to a 
data or look-up table 1000 through the fourth electrical connector 636. The 
microcontroller 50 preferably analyzes the first signal 650 to identify the type, frequency, 

30 and/or color of light emitting diodes 608, 610, and 612 to compare to prestored data 
within the data or look-up table 1000. The controller 50 then generates a second signal 
652 for communication through the fifth electrical connector 638 to compensating 
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software 900. Current analysis values 640, 642, (FIG. 27) are thereby established for 
analysis by the compensating software 900. The compensating software 900 processes 
the first signal 650 received through the third electrical connector 634 according to the 
parameters received from data or look-up table 1000 via the fifth electrical connector 
5 638. The controller 50 following processing by the compensating software 900 may 
therefore increase and/or decrease the current to be generated from output 624 via the 
first electrical connector 622 to the input 616 into the replaceable LED module 600. 

This sensing and compensating cycle may continuously occur or be 
implemented by a timing circuit 908 at regular or irregular intervals. 

10 In general, the compensating software 900 is utilized to increase the pulse 

width or frequency of the replacement light emitting diode 600 as the voltage drop and/or 
decay/increase over time to maintain optimization of light output without burning of the 
light emitting diodes 608, 610, and/or 612, out. The compensating software 900 
preferably uses look-up table 1000 to identify appropriate current, and to select a 

15 predetermined pulse width, based upon an identified type and/or color of light emitting 
diode 608. The compensating software 900 determines optimum current and adjusts 
maximum frequency for a given pulse width for the light emitting diodes 608, 610, or 
612. 

In general, the compensating software 900 first compares a known input 
20 voltage to a measured output voltage for comparison to the look-up table 1000 to 
determine whether an increase, decrease, or no adjustment to the duty cycle of the 
replacement LED module 600 is required. The microcontroller 50 further assigns a 
location identifier to each replacement LED module 600, 602, 604, 606, to effectuate 
location tracing to increase, decrease, or leave the applied duty cycle the same at the 
25 respective LED module 600. The analysis of a voltage drop related to the replacement 
LED module 600 provides a benchmark for comparison to the data contained in the look- 
up table 1000 to identify specific operational parameters for the compensating software 
900 for adjustment of any required current gain. 

The microcontroller 50 and/or compensating software 900 permits 
30 passage of a known current through the replacement LED module 600, where the 
microcontroller 50 and/or compensating software 900 measures the current draw. 

The signal provided to the replacement LED module 600 is represented as 
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a square wave or greer wave (FIG. 25) having an elevated section which represents an 
increased level of current being supplied to the appropriate diodes 608, 610, and 612. 
The control and provision of power turns the resistor/transistor 618 on, bringing it to 
ground. The more current that the diodes 608, 610, and/or 612, draw, the less the 
5 voltage will be at output 626. The voltage downstream or lower than the LED's 608, 
610, 612, is sensed by microprocessor 50 at point 632 to determine whether the LED's 
608, 610, 612, represent a blue module, a green module, a red module, or an amber or 
other colored module light source. The controller 50 then implements a compensating 
programming function 900 where the controller 50 assigns a location 650 and selects an 

10 appropriate voltage 640, 642 to correspond to an optimized duty cycle or level of 
performance for the color of the diode at the assigned location. 

The circuit senses and assesses, selects, or calculates the correct level of 
power and correct duty cycle for each replacement LED module 600 independently of 
other replacement LED modules 602, 604, 606. Therefore, an individual may elect to 

15 replace and change an LED light source module 600 or LED light source color module 
600 in any combination across an elongate or short light source. 

Differences exist in the electrical characteristics of LED's 608, 610, and 
612, and LED assemblies 600 which therefore, require the adjustment of the current level 
for different duty cycles based upon a red, amber, green, or blue LED light source 608, 

20 610, 612. A blue LED light source will have a different forward voltage than a red LED 
light source. The cycle for a blue LED light source may have an elongated duty cycle 
compared to the duty cycle for a red LED light source, therefore, necessitating an 
increased current level to optimize performance for the blue LED light source. When the 
controller 50 senses a blue LED light source due to the sensed voltage drop at 632 as 

25 compared to a look-up table 1 000, the duty cycle may be increased and therefore the 
controller 50 senses and applies a correct current voltage. In general, a longer duty cycle 
requires more voltage to maintain the blue at optimum operating capacity. A shorter duty 
cycle and less current is required for a red LED light source. The controller 50 
repeatedly performs a voltage check at regular intervals at 632. In general, a two 

30 kilohertz frequency during the duty cycle will provide the appropriate current or power 
for the system. This check may be run at predetermined intervals which may be 
initialized upon the start-up of the replacement LED light source 600. Intermittent 
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verification may also be implemented at the discretion of an individual. Verification is 
important to maximize light output for each of the light sources 608, 610, and 612. The 
purpose for the circuit is to solve the problem associated with different colors requiring 
different current draw in order to operate at optimum capacity. Blue light requires a 
5 much greater level of energy to produce an acceptable light signal as compared to red 
light. The bluer the wavelength, the more energy it takes to operate at maximum 
efficiency, therefore, a blue light signal inherently draws more current. 

The purpose of having the circuit is that each replacement LED module 
600, 602, 604, and/or 606, depending on its color, requires different duty cycles, blue 

10 being a higher energy, shorter wavelength, requiring a higher current as opposed to a red 
light signal which requires a lower current. For example, a replacement blue module 
placed into a red slot would literally under drive the blue LED module. A red module 
replacing a properly driven blue module would likely overdraw and damage the red 
module, consequently, a blue module replacing a red module would likely receive less 

15 current which would reduce the optimum performance for the blue module. The 

disclosed compensating software 900 automatically senses and adjusts the current needs 
at specific modules 600, 602, 604, and 606 to automatically optimize current, regardless 
of the color of the LED's, and even regardless as to whether or not the colors of the 
LED's are mixed. An individual may therefore substitute and/or replace different 

20 colored LED modules 600, 602, 604, 606, at will where the circuit will sense the location 
of the substituted or replacement LED modules 600, 602, 604, and/or 606, for control of 
a correct current level and/or power output for each location to optimize performance of 
a light fixture. 

Referring to FIG. 27 the software for initiation of the compensating 
25 software 900 is disclosed. Initially, the compensating software 900 will receive the first 
signal 650 from the input 632 and the second signal 652 from the look-up data table 1000 
at the start 902. The compensating software 900 then recognizes receipt of the first 
signal 650 at 904. If the first signal 650 is not recognized or received, then the 
processing returns to the ready state at 902. If the first signal 650 is recognized then the 
30 processing continues to 906. At 906 the compensating software 900 recognizes receipt 
of the second signal 652 from the look-up table 1000. If the second signal 652 is not 
recognized and/or received then the processing returns to the ready state at 902. 
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Following receipt of the first signal 650 and the second signal 652 processing continues 
to a timer 908. Timer 908 determines if a preset period of time has elapsed between the 
present time and the last activation time of the compensating software 900. If sufficient 
time has elapsed, then timer 908 initiates compensation processing as identified in FIG. 
5 28 by allowing the first signal 650 and the second signal 652 to enter compensating 
software 900 at 910. 

Referring to FIG. 28, at 910 the second signal 652 includes the first 
current analysis value 640 and the second current analysis value 642. The first signal 650 
representative of the current at 632 is then compared to the first current analysis value 

10 640. If the first signal 650 is less than the first current analysis value 640 then an 

increased current signal is created at 914. If the first signal 650 is not less than the first 
current analysis value 640 then the first signal 650 is compared to the second current 
analysis value at 642. If the first signal 650 is less than or equal to the second current 
analysis value 642 then a passing range signal is created at 916 which communicates to 

1 5 controller 50 and/or microcontroller that no current adjustment is required by the 

compensating software and/or circuit 900. If the first signal 650 is more than the second 
current analysis value 642, then a decreased current signal is created at 918. The 
processing cycle may be continuous or occur at intervals established by the timer 908. 

The first current analysis value 640 and the second current analysis value 

20 642 may vary dependent upon the make, lot, batch, and/or color of LED's 608, 610, 
and/or 612, used within replacement LED module 600. The controller 50 or 
microcontroller initially senses the first signal 650 and compares the first signal 650 to 
the prestored data in the look-up table 1000 to retrieve the first current analysis value 640 
and the second current analysis value 642 for communication to the compensating 

25 software 900. 

In addition, controller/microcontroller 50 initially assigns a location 
identifier to the respective LED modules 600, 602, 604, or 606, during processing of the 
first signal 650 and second signal 652. The location and/or position identifier thereby 
enables the increased current signal 914, passing range signal 916, and/or decreased 
30 current signal 918 to be processed by controller/microcontroller 50 for tracking to 

corresponding replacement LED modules 600, 602, 604, and/or 606. Individual and/or 
independent current compensation is thereby provided between replacement modules 
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600, 602, 604, and/or 606. 

As show in FIG. 28 the first current analysis value 640 is set at 250 ma 
and the second current analysis value 642 is set at 450 ma. The value to be utilized as a 
first and second current analysis values 640, 642, may vary according to the information 
5 and/or data which is prestored in the look-up table 1000. 

The increased current signal 914 and the decreased current signal 918 are 
preferably set as a percentage of the first signal 650. The percentage assigned to the 
increased current signal 914 and the decreased current signal 918 may be identical and/or 
different. It is anticipated that the increased current signal 914 and the decreased current 
10 signal 918 will initially be set at 20% of the value of the first signal 650. A larger and/or 
smaller percentage is available dependent upon the electrical parameters for the electrical 
system of the LED light signaling fixture. 

During operation, either the increased current signal 914 and/or the 
decreased current signal 918 will be received by the controller/microcontroller 50 to 
1 5 upwardly and/or downwardly adjust the current to exit the output at 624 for entry into the 
LED replacement module 600 at 616. Alternatively, upon receipt of the passing range 
signal 916 the controller/microcontroller 50 will not adjust upwardly and/or downwardly 
the current to exit the output at 524. The controller/microcontroller 50 through the 
compensating software 900 regularly monitors and/or adjusts the current and/or duty 
20 cycle of the light emitting diodes 608, 610, and/or 612, of each of the replacement LED 
modules 600, 602, 604, and/or 606, to optimize illumination characteristics for an LED 
light signaling fixture. It should be noted that the power source for the replacement LED 
module 600 and compensation software circuit described herein is a constant input, non- 
variable or degrading power source. The compensating software 900 discussed herein is 
25 concerned with power reduction and/or degradation of replacement LED module 600 and 
is not focused upon the degradation of a power source such as a battery. 

The above disclosure is intended to be illustrative and not exhaustive. 
This description will suggest many variations and alternatives to one of ordinary skill in 
this art. All these alternatives and variations are intended to be included within the scope 
30 of the claims where the term "comprising" means "including, but not limited to". Those 
familiar with the art may recognize other equivalents to the specific embodiments 
described herein which equivalents are also intended to be encompassed by the claims. 
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Further, the particular features presented in the dependent claims can be 
combined with each other in other manners within the scope of the invention such that 
the invention should be recognized as also specifically directed to other embodiments 
having any other possible combination of the features of the dependent claims. For 
5 instance, for purposes of claim publication, any dependent claim which follows should be 
taken as alternatively written in a multiple dependent form from all prior claims which 
possess all antecedents referenced in such dependent claim if such multiple dependent 
format is an accepted format within the jurisdiction (e.g. each claim depending directly 
from claim 1 should be alternatively taken as depending from all previous claims). In 

10 jurisdictions where multiple dependent claim formats are restricted, the following 
dependent claims should each be also taken as alternatively written in each singly 
dependent claim format which creates a dependency from a prior antecedent-possessing 
claim other than the specific claim listed in such dependent claim below (e.g. claim 3 
may be taken as alternatively dependent from claim 1 ; claim 4 may be taken as 

15 alternatively dependent on claim 1, or on claim 2; etc.). 

The disclosure is intended to be illustrative and not exhaustive. This 
description will suggest many variations and alternatives to one of ordinary skill in this 
art. All these alternatives and variations are intended to be included within the scope of 
the attached claims. Those familiar with the art may recognize other equivalents to the 

20 specific embodiments described herein which equivalents are also intended to be 
encompassed by the claims attached hereto. 

The present invention may be embodied in other specific forms without 
departing from the spirit or essential attributes thereof; and it is, therefore, desired that 
the present embodiment be considered in all respects as illustrative and not restrictive, 

25 reference being made to the appended claims rather than to the foregoing description to 
indicate the scope of the invention. 
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